US006799187B2
a2 United States Patent 10y Patent No.: US 6,799,187 B2
Beggs et al. 45) Date of Patent: Sep. 23, 2004
(54) OPPORTUNISTIC PARTS MARKING 4578636 A * 3/1986 Bakke et al. ................. 324/66
MANAGEMENT SYSTEM 4594263 A * 6/1986 Folk etal. ...ccceeee...... 427/554
5,379,887 A * 1/1995 Conley, Ir. .................. 206/232
(75) Inventors: Robert M. Beggs, West Chester, PA 5,406,042 A : 4/1995 Engelfriet et al. ..... 219/121.68
(US); Bradley J. Buchanan, Morton, 5,547,501 A 8/1996 Maruyama et al. ...... 106/31.14
_ : : 5,670,825 A * 9/1997 Hyde et al. ................. 257/730
PA (US); Allan Bucknell, Philadelphia, 5700047 A 3

' . . , 790, ¥ 8/1998 Golan ...eeeveniennnn..n. 340/10.42
PA (US); Martin Eldridge, Martock 5824715 A * 10/1998 Hayashihara et al. ........ 522/14
(GB); Mike Woogerd, Scattle, WA 6.132.818 A * 10/2000 Tanaka et al. .............. 427/596
(US); Ron Carson, Bellevue, WA (US) 6347319 Bl * 2/2002 MOOIE .vveveveereerreens.. 707/101
6,365,995 B1 * 4/2002 Fukuda et al. ................ 310/81
(73) Assignee: The Boeing Company, Chicago, IL 6,394,800 B1 * 5/2002 Rohlcke et al. ............... 433/23
(US) 6,452,298 B1 * 9/2002 Fukuda et al. ................ 310/89
6,476,351 B1 * 11/2002 Kaplan et al. ......... 219/121.69
( * ) Notice: Subject to any disclaimer? the term of this 6,538,623 B1 * 3/2003 PEII"IliElIl < A | P 345/8
patent is extended or adjusted under 35 g:gg:gg E% g 13@33? gl‘}gg et ﬂi- ---------------- iggﬁgi

035, * rigg et al. ...l
U.5.C. 154(b) by 361 days. 6.697.812 BL * 2/2004 Martin .....ooovvvvren.. 707/100
6,706,374 B2 * 3/2004 Grigg et al. ...o.oomn...... 428/199

(21) Appl. No.: 10/033,699
(22) Filed: Dec. 26, 2001

* cited by examiner

Primary Examiner—Greta Robinson
(65) Prior Publication Data Assistant Examiner—_1nh Black

US 2003/0120416 Al Jun. 26. 2003 (74) Attorney, Agent, or Firm—Black Lowe & Graham

PLLC; Mark S. Beaufait
(51) Int. CL7 .o GO6F 7/00
(52) US.CL .., 707/104.1; 707/1; 707/10 (57) ABSTRACT

(58) Field of Search .................... 707/1-10, 100-104.1, A system, method, and computer program product are
7077/200-203; 705/22-24, 28-29, 36-37; provided for marking equipment parts. The system consists

156/1, 60, 277; 219/50, 121.11, 121.6, of electronic parts marking instruction cards, databases, and,

121.67, 121.68, 121.83; 257/E23.176, E23.179; in many applications, remote parts marking equipment. The

493/51, 186—187, 189, 199, 200-202, 231, system also includes analysis and monitoring components

2277, 264, 332, 328, 331; 209/12.1, 44.1, for monitoring parts marking programs, including opportu-

509, 522, 546, 606, 702; 711/100, 141, nistic parts marking programs. The computer product

117-118, 143 described utilizes electronic parts marking instruction cards,
_ and allows multiple users at multiple locations to mark parts
(560) References Cited for complex equipment as they are being operated and
U.S. PATENT DOCUMENTS maintained
4,408,215 A * 10/1983 Kitchen ........ccvvennen.. 347/166 30 Claims, 12 Drawing Sheets
510

[} Task Frameset - Microsof Irievnet Explorer :___.. " ———eoreee :m
DPM MANAGEMENT DEMO L8 ) NenSewd ) [ Waintiew /
— SW—rf Thiady (B ) [Vewimag 2SI
T —

——— s s A rATTETm AL ALY T

SELECTED TASK Xmsn Oil Cooler mbly 529
[TrsK sTEPS - D
Step  Description Training !

> 1 [_NOTE_]

J“'.ﬁﬂ

The following process is based on the assumption that the part is
not installed.

b 2 Identify (2 part) label mounting positions adjacent to existing
vendor label. (see photo)

[» 3 Clean and degrease surface using cleaning cioth (pt No 123) and
cleaning compound (pt no. 456)

(> 4 Generate seli-adhesive [abels.

Affix SPS/SER label to the left and PNR label to the right of the

The label Is: Two plece 1 X 2 SPLand 625 x 1.813 PNR(_ D> )




US 6,799,187 B2

Sheet 1 of 12

Sep. 28, 2004

U.S. Patent

JINNYIS
¢ YAINNd
NOISIATY / A¥INT
@Y JINOY usatﬁm
p§ ININNYIS INDIIVH SL¥Yd
SaAsvaviva —
EE%EE%EE qALVTIN GNV SLIVd E&Ez _._
07
0§ 09




U.S. Patent Sep. 28, 2004 Sheet 2 of 12 US 6,799,187 B2

100

INPUT NEW

ELECT
AUTHORIZING /
VALIDATING
DATABASE
CARD
VALID,A TED
YES

DATABASE OF
APPROVED CARDS




U.S. Patent Sep. 23, 2004 Sheet 3 of 12 US 6,799,187 B2

IDENTIFY /

130 LOCATE PART
60
140~ | FIELD ACCESS DATgiASE
APPROVED
ELECTRONIC @ APPROVED
CARD CARDS

li

SERIAL

150~ [ DETERMINE MANUFACTURER
CODE AND PART NUMBER
62 60
NUMBER/
GENERATE oART
SERIAL NUMBER/ NETWORK DATABASE

I

INPUT
ADDITIONAL
INFORMATION

160 GENERATOR
170 16

CREATE
LABEL/MARK

PART

LABEL PRINTER
LASER MARKER

DOT PEEN NUMBER

172

SCAN NEWLY

MARKED
PART

180

190
QUALITY
VERIFIED

?
200 60 SERIAL
NUMBER/
PART

STORE @ DATABASE
SERIAL 18
NUMBER
DATABASE 60

UPDATE
STATUS
FIG.?




US 6,799,187 B2

Sheet 4 of 12

Sep. 28, 2004

U.S. Patent

0c

SASYaviva
INTIOVYL
SILLVIS

ONINYVYIH
JNINELINOD

314

09

ON

SAYY)

JINOYLITTH
dSIATY

é

INDIYVYI
JONVHI

SALYLS

SNOLLINYASNI

INIDIYVA

TZATYNY
/ MIIATY

0l

/144

/2 Y4

SONLAN
NOILTTdHO)
/SALVLS LOd L0

(it



US 6,799,187 B2

Sheet 5 of 12

Sep. 28, 2004

U.S. Patent

1/ /44

HIQUINN HBd ™ COFf

E W HE‘M

-ued e a0y youess 0] UoIymM AQ BLISILD 3Y) S3JUD I5E9d|d

/13 005
e U E OWIA LNIWIOVNVYIN WA

121040X3 IDUIBIU] POSOMW - (W Buptiew) sbed Jmoaes Jed ﬂ_



US 6,799,187 B2

BLUSILD LIRS M3U 49U

(_xaN puno) € 92
x (pm3) Assy aqeidysems I-1S5€USkT  2LTLL OF
Qe UDISSIISUR) | pJeMmIO L-DOETASPT  TLLUL 6
,M AQuassy juen|eg E-TLIEDGhY  TLTLL 8
ﬁ SJ00(] SINOD) [BUUn) E¥Z-SO6TSSPT  TLUUL ¢
= AIQUIDSSY YEUS AU JUAS 1£-00VEQSyl 2242 9
7> UOISSIuSURS L Bubul €-00E9QSPT  TLZLL S
(H1) si00Q jfeys wep GL-O06P55PT  TLTLL P
(Uv) AIgWossY Janks 9-p16SASPT  2L2LL K
-t J3100D |10 SUWX bujuIqWoD 9-£155QSk1  TLRLL T
= 07s AlQUIRSSY uey JIJ00) O USUSX O-BISSASYL  2L2UL ¥
@ |
m.., pa4inbay Med ayl uQ HPID Iseald
= Slied
7

E OWIQ LNIWIDVYNVYW Ndd

1330)0X3 IHLDIUL YOS50 - (0wag Bunueyy sued) SUYNSDY YOIESS 3P0 MIIA G

U.S. Patent



a0g

US 6,799,187 B2

L\
Yo
-
. m— T
e~
: E— L
B
Z [ 1 peoaow
@__.QU 1e8 JEPICA
4
—
— —
S £10010000000000f J2QWINN [BLIBS ~ _¢T¢
o
S 9-815SQSHT  BQWINN Med —_ ¢)f
o
> TLTLL  BPOD 3IODVD
s 005

1YVd AHLINICAI

(o () OWIa MO WG

I JBUINU] YOSOON - S|1€330 1ed (]

U.S. Patent



US 6,799,187 B2

Sheet 8 of 12

Sep. 28, 2004

U.S. Patent

0¢t

11Y] Y43 0ps 113
%LI@UE o] usen:
(oroyd 998)

"UMOYS Se S Loljejudlio jeqe) ay HUUNSUD jaqet Jopuaa buRsix
aup O 3461 BY] 0} 29e] UNJ PUe LA} AR 0 |2qe] ¥3S/SdS X § <

Sppqe) ansaype-jies aleued b <
(9% "ou 3d) punodux buesp

pue (£71 ON 3d) o Bujueapd Buisn oeuNS 3sea0ap pue ued) ¢ <]
(o30yd 335) ‘foqe] JOPUdA

Bunsixe 0y Jusceipe suomsod Gugunow [aqe (wed ) Apuapr  Z
‘PRJIEISY) 10U
s) yed sy 1oy uopdwnsse avy uo paseq Sl ssao0sd Buimoljoy syl

Bujuies | uondipsag  dMNs

o smiswul

§Z§ ™\ Alquiassy ueg 431000 |IQ usw) MSVY.L AILDINES

OW3Q LNIFWIOVNVIN |WNd (]

201G JBUIFIU] YOSOOIW - Wsdwery s ]




US 6,799,187 B2

Sheet 9 of 12

Sep. 28, 2004

§5¢

U.S. Patent

431000 1O
ANFONA ‘H A

T 4015
NOLLVYLSNTII 43LS

OW3IA INTFWIDOVNYW W

32.10/dx3 13USBIL] YOSOD| ~ d6ed sperea sel (]



US 6,799,187 B2

Sheet 10 of 12

Sep. 28, 2004

U.S. Patent

[ LT R

74744

o
08¢~ ¢Lf

€ T10010000000000 ¥3S

oo~ AR

wos syuod-poday je 55160y
9-815SUSHT UNd

o~ N LTI

oy §pod-podaus je B3y
cLCLL ¥4

el

WO uod-podau @ 121siboy

JIOICXT JPUIBIUL OSSO - 2Ded Spoosey ﬂ




US 6,799,187 B2

Sheet 11 of 12

Sep. 28, 2004

U.S. Patent

A[[nJ$SA30NS pA)BAID Sem LB

1313

£10010000000000 US| -J2QUUINN [B1D5S_. 2/ ¢

0-81SSQSHT WNd|  1RQUINN Med —_ /g
[z¢eee um]  9poD 39WD
\-70¢

IPO)) Jey] INepljes

£100T0000000000] -F2QUINN [E1I95

9-815SASPT  JQUUNN Med
CLeLL  SBPOD ADVD

Lavd AJLINIJI

oW oW )/ oed ) OWIA LNIWIOVNYW WA

4230103 PUSNU] YOSODIW - SperRq Hed ]




US 6,799,187 B2

Sheet 12 of 12

Sep. 28, 2004

U.S. Patent

VIHdB3AVIIMHd
JTILASINAH

ITIASINNH

FTIASLINIH
FTUASINAH

FTUASINNH

JTUASLINNOH
UoReI0 |

06¢

— oo @1 Q) [ 1.1 V

966600000000000
800010000000000
666600000000000
|44
£66600000000000
[£¢

£10010000000000
1100T0000000000

JPquINN Je1eS

14/ 4

LD UYDJEIS M3 JaJU]

punoj s3se) g
AlQuIassY uenjeg E-1L1805¢1 TLTLL 8
SJ00(] JINOD) PUUNY EPZ-50625508 WL L
uoIssiIsuURY | duibul £-00£9Q5HT UL 9
(1) S200Q IRYS WepD CZ-906155b1 L S
{H1) S100Q |IRYS wWeD SL-906P55p1 ueLL b
AJQUISSSY ue4 14000 IO USWX 9-+18SQSHI ¢LeiL
AJQuuBsSSy uey4 00D |10 USWX 9-£155Q5k1 UUTLL <
AQUISSSY uUR4 121000 MO USWX, 9-816SASPT UTLL 1
GoRdpsoQ JTOQWINN 3Hed IOVD oUN

(o ) OWA0 NI WAd

<% Wdxg uod) %
$DIo|dx3y uu_c._oucm..ﬁonﬂuf - (oW uw3BAVEK ) SJNEAY UDIRIG PO MIIA ﬂ_




US 6,799,157 B2

1

OPPORTUNISTIC PARTS MARKING
MANAGEMENT SYSTEM

FIELD OF THE INVENTION

This invention relates generally to parts marking and
management systems, and, more specifically, to a method
and system for opportunistic parts marking and management
in fielded equipment.

BACKGROUND OF THE INVENTION

Operation and maintenance of equipment placed 1n the
field, including aircraft or vehicles, may be managed more
cficiently and reliably when component parts are marked
and tracked. Historically parts marking took place only
when equipment was 1nifially manufactured. Marking of
unmarked components on older fleets of fielded equipment,
such as aircraft or vehicles, poses difficult technical and
management challenges and to date has not been substan-
tially cost effective or feasible. Existing systems involving
human readable labels or marks and manual data entry
systems often incorrectly interpret up to one out of 30
characters when data 1s transposed during day-to-day main-
tenance tasks. Human readable marking systems and manual
data entry systems thus seriously undermine the benefits of
parts and equipment configuration and asset management,
even when the data 1itself 1s maintained digitally.
Statistically, manual parts data capture procedures during
aircrait pre-maintenance auditing 1s likely to induce as many
data anomalies as the process 1s designed to prevent.

Equipment such as vehicles and aircraft are often operated
in remote locations, where prior systems have not allowed
interaction with a digital maintenance management systems.
Such remote access would allow great flexibility 1 parts
marking and management strategies. These mclude oppor-
tunistic parts marking and management wherever 1t 1s con-
venient to gain access to parts on the equipment, 1n transit,
or as available 1n a storage facility. Remote marking and
sampling of parts also allows implementation of wide rang-
ing “seek and mark” strategies to mark particular parts held
within a domain. Alternately, “gateways” can be established
to register parts transiting a supply chain either rejecting
unmarked parts, or marking unmarked parts. Remote mark-
ing and management would also allow “use-based” marking
immediately prior to use, at local forward supply and
maintenance locations.

Standardized marking procedures, implemented at all
operating and maintenance locations on fielded equipment,
have not previously been feasible. Standardized computer
based marking would permit remote marking and parts
management, as well as uniform marking during “equipment
build,” when complicated equipment, such as vehicles or
aircraft, are 1nitially manufactured, or subject to
re-manufacture and/or major modification.

Prior marking systems have also been time consuming,
and labor intensive to use, making parts marking and man-
agement often cost prohibitive. A portable, systemized, and
standardized computer based parts marking system would
permit parts marking and management to occur more effi-
ciently and inexpensively. Such a system would provide
clectronic engineering record card data for all installed
components with operational lifetimes, and such informa-
tion would be available to all users.

Prior systems, due to being error prone and inefficient,
also have faced major lead-time lags 1n marking and man-
agement. As a result, prior systems have not generated
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2

instantaneous or contemporaneous snapshots of fleet parts
configurations. Such information would open numerous
opportunities for process improvements 1n fleet planning,
fleet management, trend analysis, and problem resolution,
while maintaining and operating fleets of complex equip-
ment.

Therefore, a need exists for a parts marking and manage-
ment system which can manage parts marking process
development, user authorization, data publication to users,
enable authorized marking to be carried out by multiple
teams 1n remote locations, deliver part number and serial
number configuration control processes to multiple remote
locations, create accurate machine readable labels, and track
progress ol multiple marking operations against marking
program and management goals.

SUMMARY OF THE INVENTION

A system, method, and computer program product for an
opportunistic parts marking management system are pro-
vided. The parts marking management system of the present
invention includes a networked parts database including
electronic parts marking cards (electronic task cards) with
instructions for standardized marking of critical
components, a database for authorizing and validating elec-
tronic parts marking card entry and quality control, a serial
number/part number database, a sertal number/part record
generator, and a status tracking database, all network acces-
sible. Linked via network to the database(s) are remote
scanners and mark or label generators utilized for parts
marking, and parts tracking, at either local or remote loca-
tions. Electronic record cards for individual parts are main-
tained 1n the parts database. Status of the marking program,
and of the parts themselves as needed, whether 1n storage,
fransit, or fielded 1n equipment, 1s tracked through the
status-tracking database. The status-tracking database 1is
available to managers via network connections, who may
use the system to output status and completion metrics for
system operation and 1improvement.

The present invention makes 1t possible to provide for
cradle-to-grave equipment parts marking and tracking sup-
port for complex equipment, in remote locations, and on an
as-needed and as-available basis, even for equipment and
parts that have not been previously marked.

The present mvention accommodates a wide variety of
parts marking methodologies and data types. The system
utilizes computer scanners to eliminate human data trans-
posing errors and labeling errors. Adoption of the system
allows unique serialization of individual components. Use of
a local area network wireless network, or a computer
network, such as the World Wide Web, permits operation of
different steps of the method 1n divergent locations. The
program system linked to the databases and marking and
scanning equipment via the network provides an opportunity
for parts marking, quality control, parts monitoring, and
parts management, all 1n one operation.

BRIEF DESCRIPTION OF THE DRAWINGS

The preferred and alternative embodiments of the present
invention are described 1n detail below with reference to the
following drawings.

FIG. 1 1s a symbolic diagram of an example system of the
opportunistic parts marking management system and its
components;

FIG. 2 1s a flow diagram 1illustrating the electronic mark-
ing instruction card generation process of the present inven-
tion;
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FIG. 3 1s a flow diagram 1llustrating the parts marking and
veriflication process of the present invention;

FIG. 4 1s a flow diagram 1illustrating the parts marking
status review and revision operations of the present inven-
tion;

FIGS. 5 and 6 are screen shots of an example network

interface tool used in the parts search process of the present
mvention;

FIG. 7 1s a screen shot of an example network interface
tool used 1n the part serial number generation process of the
present mvention;

FIGS. 8 and 9 are screen shots of a two screen electronic
parts marking card (electronic task card) of an example

network interface tool used in the parts marking process of
the present invention;

FIG. 10 1s a screen shot of example bar codes generated
by an example network interface tool used in the parts
marking process of the present invention;

FIG. 11 1s a screen shot of a parts marking validation
screen produced by an example network interface tool used
in the parts marking verification process of the present
mvention; and

FIG. 12 1s a screen shot of parts data available through an
example network interface tool that performs the status
review process 1n the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention provides a computer network-based
system to enable parts marking implementation, efficiency,
coordination, and program control. The present immvention
enables unique serialization of components being marked
across disparate geographic locations. The present invention
orcatly assists in parts management for fielded fleets of
airplanes, motor vehicles, and any other devices or equip-
ment that require ongoing parts maintenance and replace-
ment.

FIG. 1 illustrates an example system of a network-based
opportunistic parts marking management system 35 1mple-
menting the present invention. The system 5 includes one or
more databases 10 coupled to a parts marking and scanning
subsystem 40, a status/management subsystem 350, and an
clectronic card entry/revision subsystem 30 over a network
60. The databases 10 are preferably supported on a
processor-based server. The parts marking and scanning
subsystem 440, status/management subsystem 350, and elec-
tronic card entry/revision subsystem 30 are preferably
processor-based systems. In other configurations of the
invention, the databases, parts marking and scanning, status/
management, and electronic card entry/revision subsystems
may be variously distributed and/or combined 1n different
locations and 1n different processor based systems. The
network utilized may be a direct connection or wireless
network, and may be a public or private local area network,
or a wide area network. In one presently preferred embodi-
ment of the invention, the network utilized 1s a diffuse
computer network, such as the World Wide Web.

The parts marking and scanning subsystem 40 includes a
bar code scanner 44, or similar scanner, often handheld, and
a marking device 42, here a label printer. Alternative mark-
ing devices and methods are well known and are discussed

in more detail below, under block 160 of FIG. 3.

FIG. 2 1s a flow diagram 1llustrating the electronic parts
marking card generation entry process utilized by the system
5, FIG. 1, of the present invention.
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First, at “input new electronic card” block 100, a main-
tenance person or other designated person enters informa-
tion and instructions for the marking of a specific equipment
component as an electronic parts marking card (electronic
task card). At “author validation” decision block 110, the
system determines whether the author 1s validated to save
the new electronic parts marking card, or in the case of
revision to a card, recording or saving the revisions to an
existing card. Validation 1s suitably conducted utilizing a
network connection 60 to an authorizing/validation database
12. The authorizing/validation database 12 maintains basic
information to permit the system to determine whether a
particular author or a particular electronic parts marking,
card may be validated. If 1n the “author validation” decision
block 110, the author 1s not validated, an alternative author
may be sought to 1nput a new or revised electronic parts
marking card. After validation of the author of the new or
revised electronic parts marking card, at “card validation”
decision block 120 the card 1tself 1s validated for form and/or
substance, again utilizing information over the network 60,
from the authorizing/validation database 12. If the card is
not validated, an alternate entry may be made, or an alternate

author may be sought to input the new or revised electronic
card.

The electronic parts marking card documents the parts
marking method for a specific part and permits a uniform
method to publish and maintain the marking method for
cach component part entered 1nto the system of the present
invention. Upon author validation and card validation for the
new or revised electronic parts marking card, the card is
stored 1n the database of approved cards 14. The electronic
parts marking card generated by the process of FIG. 2 1s
described further below 1n connection with FIGS. 8 and 9.
In a present embodiment of the invention, the process shown

in FIG. 2 1s performed by the electronic card entry/revision
subsystem 30 (FIG. 1).

FIG. 3 illustrates the parts marking and verification pro-
cess of the invention, performed 1n the present embodiment
primarily by the parts marking and scanning subsystem 40
of FIG. 1. At “Identity/Locate Part” block 130, the mainte-
nance person, or other designated person, identifies and
locates the particular part to be marked. At “field access
approved electronic card” block 140, that person accesses
the approved electronic marking card through the computer
network 60 from the database of approved cards 14. In the
present mvention parts marking may occur 1n remote loca-
tions. This access to the network may be through a wireless
link to the computer network. In alternate embodiments of
the present invention, part or all of the network connections

are wireless, 1n some 1nstances using Wireless Application
Protocol (WAP).

At “Determine Manufacturer Code and Part Number”
block 150, the manufacturer code and part number 1s deter-
mined. In a present embodiment this 1s done through a
look-up consisting of various manufacturers’ part numbers
and part descriptions. Once the manufacturer code and part
number for the part to be marked 1s determined, the system
in block 160, “Generate Serial Number/Part Record,” gen-
erates a unique serial number and blank part record for the
part to be marked. The unique serial number 1tself can be
formatted 1n compliance with any of several industry 1den-
fification standards, or a system unique to the user. In a
preferred embodiment, the serial number 1s generated via a
computer network 60 by a serial number/part database
generator 16.

At block 160, when the serial number and parts record 1s
generated additional information concerning the part may be
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input at block 162, either automatically or by manual entry.
Such mformation may include the location of the part, the
condition of the part, its status, and, 1f installed, information
concerning the equipment 1n which it 1s 1nstalled. After the
unique serial number and part record for the part 1s

generated, the system at block 170, “Create Label/Mark
Part,” creates a mark for the part, and the mark 1s applied to
the part by the maintenance person, or other designated
individual. The mark generated for the part can be a wide
variety of computer readable or scanner readable marks,
including linear bar codes, stencil markings, and two dimen-
sional matrix symbols or codes. Marking systems include
ATA Spec 2000 and ANSI MH10 Systems. The labels or
marks themselves may be created and/or applied through
non-intrusive marking methods, including labels, direct
printing 1ncluding ink jet printing, laser bonding, stenciling,
silkscreening, or applying contact memory buttons or RFID
tags. Marks can also be created and/or applied using intru-
sive means, Including abrasive blasting, stamping, dot-peen
processes, chemical etching, laser coloring/etching/
engraving, or laser induced vapor deposition. Labels, if used
for marks, may include self-stick adhesive labels, or adhe-
sive mounted and sealed labels. The mark itself may be
installed on the part automatically by machine, or mnstalled
on the part by a maintenance person or other designated
individual.

At block 180, “Scan Newly Marked Part,” quality control
of the parts marking process 1s verilied. At block 180 the
newly marked part 1s scanned by the operator or designated
person. At decision block 190, “Quality Verified,” the sys-
tem analyzes whether the parts mark 1s verified as readable
and 1s linked to its part record. If the part cannot be properly
scanned and verified, then the part can be rescanned under
block 180 “Scan Newly Marked Part.” If scanning and
verification continues to fail, a new part mark can be
generated and the part can be re-marked under block 170,
“Create Label/Mark Part.” If the parts mark quality 1is
verified, then the system proceeds to block 200, “Store
Serial Number Database/Update Status Database” where the
part serial number 1s recorded via the network 60 1n the
serial number/part database 18. The marking status tracking
database 20 1s also updated through a network 60. As the
serial number/part database 18 1s updated, information from
that database may be transmitted directly to the status-
tracking database 20, to keep 1t updated in real time.

FIG. 4 1s a flow diagram that 1llustrates the parts marking,
status and management process performed by the status/
management subsystem 30 (FIG. 1). At block 220, “Review/
Analyze Marking Status,” an operator, or a manager utiliz-
ing management and/or analysis protocols, reviews and
analyzes the marking status of the marking operation. As
part of that operation, status and/or completion metrics,
displays or data may be generated and output under block
222, “Output Status/Completion Metrics.” The review and
analysis of marking status may be done remotely from the
status-tracking database 20 by connections through a com-
puter network 60. At decision block 230, “Change Marking
Instructions,” the review and analysis 1nvolves a decision
whether to change the marking instructions and/or protocols
utilized for parts marking. If marking i1s proceeding
successiully, the system continues marking under block 2385,
“Continue Marking.” If the system 1s not resulting 1n proper
or successful marking, marking instructions may be changed
under block 240, “Revise Electronic Cards,” involving
revising the electronic marking cards (electronic task cards).

The electronic card generation process in FIG. 2, the parts
marking and verification processes of FIG. 3, and the parts
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marking status review and analysis processes of FIG. 4 are
combined and operated by the unified but dispersed system
S of FIG. 1. Any one or more of these subprocesses may be
conducted at any given location, or any given time, by
singular or multiple users. The flexibility of remote marking
utilizing computer readable and computer generated marks,
in connection with a uniform published parts marking sys-
tem consisting of electronic parts marking cards (electronic
task cards) provides great flexibility in implementing parts
marking strategies. Easy remote marking permits “opportu-
nistic parts marking” (OPM) whenever it is convenient to
gain access to parts. Targeted “seek and mark™ protocols can
direct the marking of particular parts 1n rapid sequence.
“Gated” strategies either mark, or require prior marking, at
chosen locations in the parts distribution system. Remote
operation also permits “vendor marking at source” by the
parts manufacturer. Alternately, parts may be marked at the
“equipment build” stage when the equipment i1s either
assembled, or rebuilt for long standing or “legacy” systems.
All of these strategies are supported by the system 5 of FIG.
1 of the present invention, utilizing the suboperations of
electronic marking card generation and revision of FIG. 2,
parts marking and verification of FIG. 3, and system updat-
ing and monitoring of FIG. 4.

Additional subsystems may be added 1n any of the given
operations. For example, generating or revising electronic
parts marking cards may also include further steps of
querying the database of approved cards to determine
whether a parts marking methodology has already been
developed. Temporary lockouts may be implemented for the
database of approved cards, while work 1s 1n progress on
updating or generating a new or revised electronic parts
marking card for the given part. Document marking methods
may be reviewed and compared through test installations
and test scanning, mncluding checking for label readability
and access when the part i1s installed. Documentation
included 1n any given electronic parts marking card may be
updated and proofed, such as with new or more complete
photographs or graphic mformation.

In a present embodiment, the serial number for a particu-
lar part 1s generated at a controlled central register, which
produces a unique number when the logic calls for a serial
number to be generated. That present embodiment utilizes a
computer based number generator linked to the serial
number/part database, with computer network enabled
delivery, to complete this step.

Also, 1n a present embodiment, a centralized website
enables coordination of management of the parts operation,
with information delivered over the computer network.

FIGS. 5-12 are screen shots generated by an example
embodiment of the present invention. These FIGURES
illustrate example 1nput and output methods for the inven-
fion utilizing communications over a local area or wide area
computer network.

FIG. § 1s a part search screen of the direct parts marking,
management system of the preferred embodiment. The
screen 1n FIG. § permits searching for a part through entry
of the manufacturer’s commercial and government entity
code (CAGE) which may be entered by the maintenance
person or a designated person using the parts marking
system through the screen of FIG. 5 at the CAGE entry
location 300. The part entry section 305 also permits entry
of a specific part type number. A search button 310 signals
the central database to search for the requested part. General
system management keys on the screen permit the user to
step back to a prior screen, utilizing a back step key 500, or
to jump to a menu using a main menu key 505.
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FIG. 6 1s a screen shot that shows the results of a search
based upon the example CAGE entry shown on FIG. 5. The
database of the system has returned a list of parts registered
for the particular vendor. That list 320 allows the user to
click on the part being marked.

If the part 1s not already marked, FIG. 7 shows a screen

shot of the part number generation and validation steps of
the system. With the CAGE code 300, and the part number

305 of the part selected being displayed, a unique serial
number 315 for the part to be marked 1s generated by

selecting a generate key 320. At this point, the system, at
block 160, “Generate Serial Number/Part Record,” of FIG.

3 generates a serial number and a part record for the part to
be marked, connecting through the network with the serial
number/part record generator. Additional information may
be manually 1nput, or automatically mput to the record for
the specific part to be marked. After the generation of the
unique serial number 315, the screen of FIG. 7 permits a
mark to be generated for the part by the selection of a create
label key 325. The system then generates a mark or set of
labels for the part to be marked, with the marking type
dependent upon the particular part being marked.

Example part labels are shown 1n FIG. 10, a screen shot
of the label screen created by the mark creation process of
the invention. For this example mark, a separate bar code 1s
generated for the manufacturer number 360, for the part
number 365, and for the unique serial number for the part
being marked, bar code 370. The screen of FIG. 10, after the
creation of the mark, permits the user to select the printing
of the mark by selection of a print bar 375, or canceling of
the mark through a close bar 380. Not shown are screens

which would show two-dimensional matrix or other marks
for alternative marking systems, such as dot peening or
stenciling.

FIGS. 8 and 9 are screen shots of the electronic parts
marking card (electronic task card) of the present invention
that provides the user with instructions as to the speciiic
type, placement, and application of the parts marks. The
electronic parts marking card provides a step by step listing
of the steps for marking the part, through an instruction list
330. The instruction list may be one or more pages. A
present embodiment allows selection of first 335, and last
340 pages of the electronic task card for display. A go bar
345 permits jumping to a particular page and an enlarge bar
350 allows any portion of the card or card data to be
enlarged. As shown on FIG. 9, a second screen shot of the
electronic parts marking card, images may be part of the task
card. In this example marking card, as shown in FIG. 9, the
label positions for the parts marks are shown by presenting
a marking step 1llustration 355, showing the marks, m this
case labels, applied to the part. This step 1illustration 355
permits the designated user to clearly see the proper location
and orientation of the label as applied to the part.

In a present embodiment, the electronic parts marking
card screen, as shown on FIG. 8 allows additional alternative
choices, including a new search bar 510 for a new search for
a different part 1if the wrong part has been selected. An
opportunity 1s permitted to comment on the usefulness of or
errors 1n the electronic parts marking card through a “make
a comment bar” 520. Bar code generation can be directly
selected through a bar code button 525. An 1image of the part
may be shown through a view 1image bar 515. A wide variety
of data, including dimensional data, descriptive text, engi-
neering drawings, and photographs, may be incorporated
into an electronic parts marking card to properly demon-
strate installation of the parts label.

FIG. 11 1s a screen shot of the parts marking validation
screen utilized by an example system of the present inven-
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tion for validating the label as attached to the part being
marked. After a unique serial number for the part has been
ogenerated, and the label has been created and applied, the
part label 1s scanned by the remote operator to coniirm
validity of the installed label. In this example, the CAGE
code 362, the vendor part number and the serial number 372
of the example part just marked have been scanned, and all
confirm proper marking. At this point, the user selects the
create record bar 385 which causes the completed part
record to be stored via the computer network to the serial
number/part database. Accompanying updates are simulta-
neously made to the parts marking status tracking database,
as shown at block 200, “Update Status Database” (FIG. 3).

FIG. 12 1s an example screen shot of the review and
analysis component of the present invention. FIG. 12 shows
the parts from a particular manufacturer labeled and/or
marked by using the system of the present invention. This
data 1s presented through a parts screen list 390 generated by
the program 1mplementing the system.

While the preferred embodiment of the invention has been
illustrated and described, as noted above, many changes can
be made without departing from the spirit and scope of the
invention. For example, the system can include publishing
draft marking methods for each part type. The system can
include a step for review and authorization of the marking
methods. It can provide for more formal publication and
direct distribution of the authorized method of parts mark-

ing. Alternative mechanisms of feedback may be utilized for
returning marking information and marking method diffi-
culties or successes from the field. Various registers for part
types and components may be utilized to capture further
information regarding the parts being installed, their service
dates and other information. A wide variety of unique serial
number systems may be implemented for the marked parts,
as may a wide variety of marking systems. As noted,
automated and hand entered supplemental information may
accompany the marking of each part, or the marking of
oroups and subgroups of parts. Statistical data may be
cgathered or generated automatically at the same time as
marking, including the time required to mark each part,
productivity of marking, and percentage of completion of
parts marking tasks. In each case the system as described
provides for systematized and efficient marking process
development, authorization, publication, and 1mplementa-
tion. Authorized marking 1s able to carried by multiple teams
in remote locations simultaneously. Part number and serial
number errors are removed by delivering unique part num-
ber and serial number configuration control processes to the
remote locations, including multiple remote locations simul-
taneously and nearly instantancously. The system also can
track the progress of multiple marking operations
simultaneously, and compare this progress against the mark-
ing plan sought to be implemented.

Marking may continue at the same time as the information
1s utilized for maintenance and operation planning for the
cequipment fleet for which the parts are being marked. In the
preferred embodiment, the system 1s utilized for a legacy
fleet of aircraft, but the system 1s not limited to aircraft, but
may be applied to fixed and mobile systems of electronic,
chemical, and/or mechanical equipment where efficiency,
cost, and reliability of operation maintenance are important.
Accordingly, the scope of the invention 1s not limited by the
disclosure of the preferred embodiment. Instead, the inven-
tion should be determined entirely by reference to the claims
that follow.

What 1s claimed 1s:

1. A method for marking and managing equipment parts,
the method comprising:
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Inputting parts marking information into one or more
clectronic parts marking instruction cards;

accessing the electronic parts marking instruction cards;

generating a unique serial number and a part record for an
cequipment part;

marking the equipment part with a machine-readable
mark 1ncluding the unique serial number; and

saving the serial number and the part record for the

cquipment part 1n a parts database.

2. The method of claim 1, further comprising validating
the electronic parts marking instruction cards.

3. The method of claim 1, further comprising revising the
clectronic parts marking instruction cards.

4. The method of claim 1, further comprising scanning the
machine-readable mark including the unique serial number.

5. The method of claim 4, further comprising validating
the readability of the machine-readable mark.

6. The method of claim 1, further comprising storing
additional parts related information 1n the part record for the
equipment part.

7. The method of claim 1, further comprising connecting,
a computer at least one remote location utilizing a computer
network.

8. The method of claim 7, wherein the computer network
comprises wireless communications.

9. The method of claim 1, wherein marking the equipment
part with a machine-readable mark includes at least one of
applying a bar-code label, stenciling, applying a two-
dimensional matrix label, laser engraving, and dot-peening.

10. The method of claim 1, further comprising analyzing
status of marking and managing equipment parts using a
status-tracking database.

11. The method of claim 10, further comprising outputting
status and completion metrics.

12. The method of claim 11, further comprising managing
at least one of parts manufacturing, transporting, storage,
installation, maintenance, record keeping, operation and
labeling, utilizing the status and completion metrics.

13. A computer-based apparatus for marking equipment
parts, the apparatus comprising:

means for creating electronic parts marking instruction
cards;

means for storing and accessing electronic parts marking,
mstruction cards;

means for generating a unique part serial number and a
part record for each part to be marked;

means for scanning a part mark;

means for producing a part mark; and

means for storing and accessing the unique part serial

number and parts record.

14. The apparatus of claim 13, further comprising means
for validating and revising the electronic marking instruction
cards.

15. The apparatus of claim 13, further comprising means
for storing and accessing additional part related information
In a part record.
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16. The apparatus of claim 13, further comprising means
for analyzing the parts record.

17. The apparatus of claim 16, further comprising means
for outputting analysis and metrics compiled from analyzing
the parts data.

18. The apparatus of claim 13, further comprising means
for interconnecting one or more means of the apparatus
utilizing a computer network.

19. The apparatus of claim 18, wherein the computer
network comprises wireless communications.

20. The apparatus of claim 13, further comprising means
for storing 1nformation concerning the status of parts mark-
Ing.

21. A computer program product for marking and man-
aging equipment parts comprising:

computer readable media for inputting electronics parts
marking instruction cards into an electronic card data-
base;

computer readable media for accessing an electronic card
database and a parts database;

computer readable media for generating a unique serial
number and a part record for each part to be marked,;

computer readable media for producing a part mark; and

computer readable media for saving a part record for each

part to be marked in the parts database.

22. The product of claim 21, further comprising computer
readable media for permitting use of a computer network to
operate the product remotely.

23. The product of claim 22, further comprising computer
readable media for permitting the computer network to
utilize wireless communications.

24. The product of claim 21, further comprising computer
readable media for validating and revising the electronic
marking instruction cards.

25. The product of claim 21, further comprising computer
readable media for storing and accessing additional part-
related information in a part record.

26. The product of claim 21, further comprising computer
readable media for analyzing the parts database.

27. The product of claim 26, further comprising computer
readable media for outputting analyses and metrics produced
by analyzing the parts database.

28. The product of claim 21, further comprising computer
readable media for permitting the electronic card database
and the parts database to be hosted on one or more central
SETVETS.

29. An electronic task card product, comprising;:

an electronically stored set of written task 1nstructions for
marking equipment parts; and

an electronically stored set of graphical task instructions
for marking equipment parts.

30. The product of claim 29, further comprising electroni-

cally accessible links between the written mstructions and
graphical instructions.
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